lent), the pooled diagnostic odds ratio was 11.6 (95% confidence interval, 8.4-16.1). The pooled diagnostic odds ratio was greater, 30.9 (95% confidence interval, 27.0-35.4), in the 7 studies (n = 2374) that measured BNP against clinical criteria (generally a consensus view using all other clinical information). The diagnostic odds ratio was similar in studies conducted in general practice and in hospital settings. Three studies compared BNP with N-terminal-ANP, a precursor form of ANP, and pooling of the results of these studies showed BNP to be a more accurate marker of heart failure than NT-ANP.
Conclusions: Brain natriuretic peptide is an accurate marker of heart failure. Use of a cutoff value of 15 pmol/L achieves high sensitivity, and BNP values below this exclude heart failure in patients in whom disease is suspected. As the diagnostic odds ratio for BNP is greater when assessed against clinical criteria than against left ejection fraction alone, BNP may also be detecting patients with "diastolic" heart failure. Med. 2004; 164:1978 -1984 T HE RISING PREVALENCE 1 AND cost 2 of heart failure and increasing treatment options 3 have made the accurate diagnosis of heart failure increasingly important. Heart failure is difficult to diagnose correctly, with both overdiagnosis and underdiagnosis occurring commonly in practice. Studies that have investigated the prevalence of echocardiographic abnormalities in populations have found that at least half of patients with significant left ventricular dysfunction on echocardiogram are asymptomatic or have not previously been diagnosed as having heart failure. 4, 5 In the Rotterdam Study, a population-based cohort study of chronic disease in persons aged 55 years or older, 60% of people with a left ventricular ejection fraction of 25% or less were asymptomatic. 6 Conversely, patients with signs and symptoms suggestive of heart failure are frequently found not to have the disease when measured against more objective criteria. One study investigated all suspected new cases of heart failure referred by general practitioners during a 15-month period against a consensus decision of 3 cardiologists, including the results of further investigations such as echocardiogram. Against this definition, only 30% of the referred patients had heart failure. 7 The diagnosis of heart failure is hindered if access to further investigations is limited. It is especially difficult for general practitioners, who are faced with many patients at high risk of the disease and who must make decisions regarding appropriate further investigation, treatment, and referral. General practitioners in the United Kingdom identified a lack of confidence in establishing an accurate diagnosis as a major barrier to treating patients with heart REVIEW ARTICLE failure. 8 Both in general practice and in emergency departments, many patients presenting with symptoms of heart failure have comorbidities that may also account for their symptoms.
Arch Intern
The myocardium releases neuropeptides that serve to maintain circulatory homeostasis. A-type (atrial) natriuretic peptide (ANP) is secreted primarily by the atrial myocardium in response to dilation, and B-type (brain) natriuretic peptide (BNP) is secreted by the ventricles in response to end-diastolic pressure and volume. 9 Both ANP and BNP and various precursor forms, such as N-terminal (NT)-ANP, have been evaluated as potential diagnostic tests for heart failure. We performed a systematic review of the literature and meta-analysis to quantify the diagnostic accuracy of BNP for the diagnosis of heart failure and to compare it with the diagnostic accuracy of ANP.
METHODS
We searched MEDLINE and EMBASE from January 1994 to December 2002 for all studies of the diagnostic accuracy of natriuretic peptides for heart failure. The search strategy for MEDLINE is available fom the authors. The reference lists of primary studies and review articles identified by the search were checked for further relevant studies. We included all studies that compared the diagnostic accuracy of natriuretic peptides against a reference standard and where the results were reported so that a 2ϫ2 table of results could be constructed. Several studies that examined the association between natriuretic peptide levels and heart failure were excluded, as were casecontrol studies. Six studies involving overlapping or duplicate cohorts of patients were also excluded.
Two reviewers (J.A.D. and E.P.) assessed independently the quality of each study and extracted data. Disagreements were resolved by consensus or by consulting a third reviewer (P.P.G.). Each reviewer extracted the data to construct a 2ϫ2 table for every cutoff point that was published in each study. To allow for changes in the cutoff points used both within and between studies, the diagnostic odds ratio (DOR)={[Sensitivity/ (1 − Sensitivity)]/[(1 − Specificity)/ Specificity]} was chosen as the measure of diagnostic accuracy. If there was more than one cutoff point within a study, we took the average of the DORs for each cutoff point. This was done by taking the average of the natural logarithm of the odds ratio and the average of the variance of the natural logarithm of the odds ratio for cutoff points within a study (unweighted, because the study size was the same in each case), and back-transforming to calculate the average DOR and confidence interval (CI). The studies were grouped so that a DOR was calculated against each reference standard, using a DerSimonian and Laird randomeffects model 10 on a logarithmic scale with a corresponding test of heterogeneity. Where possible, the positive and negative likelihood ratios were calculated where studies had used similar cutoff levels and the same reference standard, again using a DerSimonian and Laird random-effects model.
An unweighted least-squares regression model using the method of Moses et al 11 was used to assess whether the odds ratio was independent of the cutoff point. The model is D=a+bS, where the difference D is defined as the logit true-positive rate minus the logit falsepositive rate, which is equivalent to the log of the DOR, and the sum S is defined as the logit true-positive rate plus the logit false-positive rate, which is a measure in the variation of the threshold. For each study, the values D and S were calculated, then the regression line was fitted. An unpaired, 2-tailed t test was used to see whether the slope of the line was significantly different from zero, which would imply that the overall diagnostic accuracy of the test varied with the cutoff point used.
In studies that compared the diagnostic accuracy of BNP with ANP, the estimated area under the curve (AUC) for each study was pooled by an inverse variance method. The diagnostic accuracy of the 2 natriuretic peptides was assessed by comparing the difference between the 2 pooled AUCs divided by the variance of the AUC,
AUC BNP − AUC ANP
Ίvar BNP + var ANP with a standard normal distribution. 12 This method will underestimate the true measure of difference, as the data are derived from paired study designs, but would require individual patient data to estimate the true difference.
RESULTS
We identified 20 studies with published data that met the inclusion criteria of the review [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] ( Table 1 ). The quality of the studies was generally high, with most satisfying the following criteria (with the number reporting each criterion in parentheses): (1) patients were a consecutive series or random sample (15/20); (2) the index and reference tests were assessed independently and blinded to the other test result (15/20); (3) all patients received both tests (16/20) ; (4) the methods for performing both tests were described (20/20); (5) the characteristics of the study population were described (20/20) ; and (6) there was no time delay between the measurement of the 2 tests (14/20). The details of the first 2 quality criteria are also shown in Table 1 .
The DORs of BNP against each reference standard are shown in Figure 1 . In the 8 studies that measured BNP against a left ventricular ejection fraction of 40% or less, the pooled DOR was 11.6 (95% CI, 8.4-16.1). The results of the studies were consistent, with no evidence of heterogeneity. With less restrictive echocardiographic criteria, the DOR was smaller and the degree of heterogeneity greater, as would be expected with studies with a more imperfect reference standard and varying levels for the reference threshold. Using a reference standard of left ventricular ejection fraction of 40% or less and pooling studies that used a cutoff between 14 and 19 pmol/L gave an estimated positive likelihood ratio of 4.1 (95% CI, 2.6-6.6) and a negative likelihood ratio of 0.35 (95% CI, 0.17-0.72).
In the 7 studies that measured BNP against a consensus clinical opinion, generally using all other diagnostic information available, the DOR was greater (30.9; 95% CI, 27.0-35.4). The degree of heterogeneity between the studies was also low. This result suggests that BNP and clinical diagnosis are in greater agreement than BNP and left ventricular function, assuming no other differences between the 2 groups of studies. The results were heavily weighted by the results of one study, however, the Breathing Not Properly study reported by Maisel et al in 2002 . 29 This was a multicenter study with 1586 patients that assessed the diagnostic accuracy of BNP in patients presenting to 7 emergency departments against the diagnosis by 2 cardiologists who had access to all clinical data, includ-(REPRINTED) ARCH INTERN MED/ VOL 164, OCT 11, 2004 ing results of radiology and echocardiography. In this study, using a cutoff level of 14.4 pmol/L, the positive likelihood ratio was 2.6 (95% CI, 2.3-2.8) and the negative likelihood ratio was 0.05 (95% CI, 0.03-0.07).
In the 2 studies that measured BNP against echocardiographic criteria for both systolic and diastolic heart failure, the DOR (37.7; 95% CI, 5.9-237.2) was again greater than in studies that measured only systolic function, but the results of the 2 studies were different.
Of the studies that investigated BNP vs systolic or systolic plus diastolic function, 7 studies were conducted in general practice or community settings and 11 were conducted in hospital settings. The DOR from the studies in the 2 settings showed similar results (Figure 1 ). As these groups of studies pool results using different reference standards, they both showed highly statistically significant levels of heterogeneity. *Consecutive series or random sample of a consecutive series of patients. †The results of the index and the reference test were read independently and blinded to the result of the other test; plus sign indicates fulfilled; minus sign, not fulfilled; and NR, not reported.
‡Manufacturer information is as follows: Peninsula Laboratories Europe Ltd (Peninsula), St Helens, England; Shionogi, Osaka, Japan; CIS Bio International (CIS Bio), Gif-sur-Yvette, France; Biosite Incorporated (Biosite), San Diego, Calif; and Roche Diagnostics (Roche), Mannheim, Germany.
The data for the individual studies and the curve derived from the pooled odds ratio for studies comparing BNP with a reference standard of left ventricular ejection fraction of 40% or less are shown in Figure 2 . This figure illustrates the variation seen between studies in terms of the sensitivity and specificity for various cutoff points. The Moses et al 11 regression model was estimated for studies that used a reference standard of left ventricular ejection fraction of 40% or less and clinical diagnosis. These both showed a significant negative relationship, implying that the diagnostic accuracy decreases with increases in the cutoff. 32 Six studies compared the diagnostic accuracy of BNP and ANP. The results of these studies are shown in Table 2 . 7, 13, 15, 17 The BNP was generally more accurate as a diagnostic marker of heart failure than ANP. The AUCs for the receiver operating characteristic curves were available for 3 studies that compared NT-ANP with BNP. The pooled AUC for the 3 studies that compared NT-ANP with echocard i o g r a m w a s 0 . 7 8 ( 9 5 % C I , 0.73-0.84). The pooled AUC for BNP in the same studies was 0.84 (95% CI, 0.80-0.89). The test statistic for the difference between the 2 measures shows a marginally statistically significant difference with a z score of 1.66 (P = .048). This calculation underestimates the true significance because the original data were from paired study designs.
COMMENT
The results of these 20 studies show that BNP is accurate in the diagnosis of heart failure. However, there is considerable variation in the estimates of diagnostic accuracy between studies, and this variation does not seem to be accounted for by differences in the clinical setting or the type of test used. It would be helpful to understand the sources of this variation before recommending the routine clinical use of the test.
Measurement of BNP is cheaper and is potentially more accessible than echocardiography. Results of BNP testing can be obtained within 20 minutes of blood collection. 33, 34 As echocardiography provides additional information that may be important in the clinical treatment of patients with heart failure, the most likely use of BNP will be in the ambulatory care setting to determine which patients require further testing with echocardiogram. The cutoff level will therefore need to be sufficiently low that patients who have heart failure are not excluded from further testing. In the Breathing Not Properly study, combining BNP with clinical judgment improved diagnostic accuracy across the entire range of diagnostic certainty. Even when the clinician had a high degree of certainty in his or her diagnosis, combining this judgment with the BNP result improved diagnostic accuracy. 35 Measurement of BNP may play a role in the diagnosis of patients with diastolic heart failure. The diagnostic accuracy of BNP was greater when the definition of disease used as the reference standard included patients who were diagnosed as having heart failure but who had "preserved left ventricular systolic dysfunction." This raises the question of whether BNP could be a better marker of disease, prognosis, and response to treatment than left ventricular function and whether comparison with echocardiographic criteria of left ventricular function may, in fact, be a comparison with a "silver" standard. To date, almost all of the trials of treatment for heart failure have been conducted in patients with impaired left ventricular function. [36] [37] [38] Although there is a group of patients who have heart failure with preserved left ventricular systolic function (diastolic heart failure), it is not clear how these patients could be identified or how patients chosen by alternative criteria would respond to treatment. 39 Using a cutoff value of 15 pmol/L achieves high sensitivity, and BNP values below this are able to exclude heart failure in patients in whom disease is suspected. Early studies have also shown a potential role for BNP in monitoring the response to treatment. 40, 41 Future research will need to further define BNP's role in clinical management, and to determine whether it is better at predicting prognosis and response to treatment than echocardiography.
